Introduction
Acute appendicitis (AA) is one of the most common causes that requires an operation in patients visiting hospital with an abdominal pain (1) . These cases are usually seen in patients under 50 years of age and peak in the second and third decades (2) . The developments in imaging methods that support the diagnosis of AA have reduced the number of patients who were operated unnecessarily and shortened the waiting period in the complicated cases before surgery. Although this is such a common case about which many studies have been done, there are still debates about the diagnostic methods for AA. Ultrasonography (US) and computerized tomography (CT) are the two basic imaging modalities used in AA; they are still the most important and valid diagnostic tools. Even though CT is considered more successful for diagnosis in many studies, we can never abandon US because of the radiation exposure aspect of CT (3, 4) . To determine the imaging method that is used during diagnosis according to patient history and symptoms will also increase the effectiveness of the method.
In this study, selected imaging modalities in the diagnostic process of cases operated on the basis of an AA diagnosis and whose histopathologic examinations were compatible with AA were retrospectively reviewed. The aim of this study was to examine whether there is any difference between the time and effectiveness seen in the diagnosis stage of AA when an appropriate imaging method is selected for patients from different age groups.
Materials and Methods
During the 6-month period between October 1, 2015, and April 1, 2016, we retrospectively reviewed the files of the persons who visited our emergency clinic, a third-step emergency department of a university hospital, and then operated at our hospital. The ethics committee's approval for the study was given by the same institution.
Patient selection
The case files of 164 persons whose postoperative histopathologic examination was evaluated as compatible with AA and who had at least one result of an imaging method (US or/and CT) during diagnosis at emergency service records. Of the 250 patients older than 18 years of age who were operated by the general surgery department of our hospital after they visited our emergency service with different complaints were reviewed (Figure 1 ). The official radiology report of the imaging method of all these cases was available in our hospital system. The patients were evaluated according to their age, gender, imaging method performed with AA preliminary diagnosis in emergency department; result of AA in terms of radiology report; and time interval between the first visit and imaging times (minutes). Patients were grouped according to their age: Group 1, 40 years and younger, Group 2, 40-60 years, Group 3, 60 years and older. Patients were assessed on the basis of the imaging methods: US only; CT only; and US and CT. Imaging methods were examined for significant differences in the activities at specific age ranges.
US examination
US examination was performed applying a printed sonography technique for AA using 3.5-MHz convex and a 5-7.5 MHz linear probe and followed by a full abdominal sonographic examination. The ultrasounds planned with AA were evaluated by a senior assistant physician or a specialist physician who had completed at least two years in the radiology clinic of our hospital. According to the US report, cases with a thickness of more than 6 mm, no peristalsis, compression anechoic fluid collection, appendicolith, and US McBurney findings were accepted as US-positive. The cases in which appendicitis was not seen or seen as normal were reported as negative. The cases in which a free fluid was detected in the perianal region, the cecum wall was edematous, and the perianal mesenteric lymph nodes were seen were reported as suspicious (5, 6) .
CT examination
The CTs in our study included the abdominal section between the L2 vertebra and the symphysis pubis. All patients were administered contrast material (1-mL Ultravist 300, 50 cc vial containing 0.623 g iopromide in an aqueous solution) intravenously (IV) at a rate of 0.8-1 mL/s. After 60 s, the patients were scanned by helical CT using a 5 mm slice thickness and 5-mm table motion. These CT images were evaluated and reported by a senior assistant physician or a specialist physician who had completed at least two years in our hospital radiology clinic. CT positivity criteria (at least two of the three criteria must be present) were: anterior-posterior appendicitis diameter greater than 7 mm; an increase in heterogeneity and attenuation of periapical fatty tissue; and an increase in wall thickness more than 2 mm compared to other intestinal segments. In the patients who met only one criterion, the CT was evaluated as unclear. The appendix that was smaller than 6 mm, had no inflammation sign in the surrounding structures, and a normal wall thickness was classified as negative in CT (7). 
Statistical analysis

Results
In this study, 97 patients (59.1%) were male and 67 patients (40.9%) were female. The ages ranged from 19 to 86 years (mean age, 36.7±14.7 years). When the age distribution of the patients was analyzed with Kolmogorov-Smirnov test, because the skewness-kurtosis values were calculated between −1.5 and +1.5, this dataset fit normal distribution (Figure 2 ). According to age groups, the most patients were observed in the first age group (111 patients, 67.7%) and then second age group (38 patients, 23.2%) and followed by third age group (15 patients, 9.1%).
In our study, US was used to diagnose 77.4% (127 patients) of the patients. US application percentages in different groups were 84.7% in the first age group, 71.1% in the second age group, and 40% in the third age group (p<0.0001). The rate of patients undergoing only US because it was preferred during diagnosis was 52.3% in the first age group, 39.5% in the second age group, and 0.0% in the third age group (p<0.0001).
In all, 55.5% of our patients (91 patients) were evaluated with CT: 47.7%, 60.5%, and 100.0% of the patients in the first, second, and third groups, respectively (p<0.001). The proportion of patients for whom only CT was preferred in the diagnosis process was 15.3%, 28.9%, and 60% in the first, second, and third age groups, respectively (p<0.0001). When the patients for whom both imaging methods Table 2 . CT and US sensitivity rates by age group were used were categorized according to their age groups, no statistically significant difference was observed between groups. When the results of the imaging methods were compared, of the 59 patients with a negative US result, CT was positive in 51, negative in four, and unclear in four patients. Of the 83 patients with a positive US diagnosis, 12 had a positive CT scan and 71 had a negative CT scan result. We found that CT was positive in 81.8% of the cases who ended up with an unclear US, and it was negative and unclear in the remaining four (18.2%) patients (Table 1) . The difference between the positive diagnostic decisions for the patients was statistically significant (p<0.0001).
When the patients included in the study were evaluated on the basis of the age group, there was no statistically significant difference between the sensitivity of CT and US (p<0.001) ( Table 2 ).
The time passed until imaging was calculated as 151±27 min in the US group only, 180±74 min in the CT group only, and 253±59 min in both the US and CT groups (Figure 3 ). There was a significant difference in the data showing the time passed until imaging between the US group and both US and CT groups (p=0.000).
The data showing the time passed until imaging according to different age groups were 187±65 min, 185±69 min, and 242±79 min in first, second, and third age groups, respectively. A 55-min difference was detected between first and third age groups, in which confidence intervals (CI) were statistically significant (p=0.009, 95% CI, 11.42-98.60). A 56.6-min difference was detected between second and third age groups; this difference was statistically significant as well (p=0.017, 95% CI, 8.33-104.95).
Discussion
In this study, it was found that making an examination based on age group in the diagnosis of AA provides high sensitivity and accelerates the diagnosis. The incidence of AA is around 9% in Western societies, and its incidence is increasing in both developed and developing countries (8, 9) . Early diagnosis and treatment of this disease is important. Pre-hospital and hospital delays should be prevented. US, CT, and diagnostic scoring systems are available to assist the clinician to prevent hospital delays (10) (11) (12) . However, despite these developments, the diagnosis of AA may not be as easy as it assumed.
The incidence of AA at an early age is higher than that in the elderly population (13, 14) . However, the presentation of these diseases in younger patients may be different from that in middle-aged and older patient groups. The diagnosis can be difficult, especially in the elderly patient population; this situation may lead to delays in the diagnosis (15, 16) . For this reason, it would be more useful to determine the diagnostic tests based on age group and disease presentation before diagnosing a patient suspected as having AA. In our study, the majority of the cases were younger compared to elderly. Although there were more studies in the literature that showed more women are diagnosed with AA, there were more males in the population with an AA diagnosis in our study (14) .
In the literature, it was noted that US can be safely used for its high sensitivity values in AA diagnosis. In one study, the sensitivity of the US was given as 88%, whereas it was given as 71.2% in another study (17, 18) . Some studies with lower sensitivity rates have also been reported in the literature (14) . The sensitivity was reported as 67.6% with the head-up US (13) . Besides not having a high sensitivity, US has other limitations including its limited use in non-working hours and on weekends because a trained technician is not present (19) . However, it is the method that should be preferably used first in children and the younger population because it can be done quickly, and it does not include any radiation (19) (20) (21) . In our study, US sensitivity was found to be high; this rate is even higher in the young patient population. In our study, the level of sensitivity was found high in the young population. Therefore, US was more preferable in young patients who had symptoms possibly indicative of AA.
Sensitivity of CT in AA was between 83.3% and 100%, which is higher than that of US (14, 18) . The CT method, which is more sensitive compared to US, is usually used for older patients and for patients who are more likely to have complications (19, 22) . In one study, the possibility of peritonitis and the length of hospitalization were found higher in the patient group where CT was preferred (22) . Because of the possibility of malignancy in the elderly patient group, a CT scan is usually performed in the preoperative period. For this reason, CT should be preferred in these patients to avoid missing a diagnosis in a patient more likely to have complications and to avoid delay in the diagnosis. In our study, CT was more preferred in the elderly group and the sensitivity was found quite high.
Another group of patients cannot be diagnosed by either US or CT only. Literature reports suggest that CT can be used as a complementary method in patients who cannot be diagnosed with US (23) . Even more interestingly, 5 (12.2%) of the 41 patients with a negative CT in a study conducted with 104 patients noted that US reassessment helps avoid missing the diagnosis in patients who were found as AA-negative in a CT scan before the US (24) . These studies showed that US and CT are complementary diagnostic tools. The necessity of using them together is usually helpful in a patient population with atypical presentation and therefore difficult to diagnose. In our study, approximately one in four patients who needed to have both US and CT scan and presented with symptoms suspicious of AA were diagnosed.
It is possible to make a faster AA diagnosis with US compared to CT, especially in the experienced centers that allow visualization of appendicitis (25) . It is the first choice in the young population. CT should be preferred in elderly patients, although it delays the diagnosis compared to US. The time to diagnosis is even longer in the patient population in which both methods need to be used together.
Study limitations
In our study, we evaluated a well-defined patient group commonly encountered in emergency services where a large population is examined. Also, the need for diagnostic imaging methods used in different patient groups was assessed. The limitations of the present study include being single-centered and retrospective. However, because our hospital is a high-volume center, has an expert emergency department group working with the same clinical practices, and patient records are kept regularly, we think that our study presents valuable evidence.
Conclusion
As a result, US should be the first choice to be preferred in young and uncomplicated cases in the AA diagnosis, but it should not be preferred in elderly and patients with atypical presentations. It is very important to determine an age-related diagnostic algorithm for this disease, which is frequently encountered in emergency departments. More prospective studies are needed in this area. Informed Consent: Written informed consent was obtained from patients who participated in this study.
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